We tried to establish the reference values of plasma lipoprotein (a) [Lp(a)] concentration in phenotype groups of apoliprotein(a) [apo A] classi®ed by a new criterion. Lp(a) concentration was determined by latex agglutination immunoassay, and apo A was analysed by electrophoresis in sodium dodecyl sulphate-polyacrylamide gel and a Western blotting technique. According to the relative mobility to the apo B-100 band, apo A was classi®ed into 11 isoforms, i.e. F, B, and S1±S9, and the phenotype was de®ned by their apparent combination. The frequency ratio of single-band versus double-band was approximately 2 : 1. In 382 cases of single-band, the most frequent phenotype was S5 (24´3%), followed by S4 (17´3%), S6 (15´4%) and S3 (14´4%). In 181 cases of double-band, S5/S6 phenotype was observed most frequently (12´2%), followed by S4/S5 (10´5%) and S3/S6 (7´2%). The reference value was determined between antilogs of the mean+1´96 standard deviation by logarithmic transformation of all observed values for individual phenotype cases. These results suggest that the reference values shown to be variable with apo A phenotypes should be useful for evaluating Lp(a) values in diagnosis of atherosclerosis.
Lipoprotein (a) [Lp(a)] contains LDL as a constituent and its cumulative adhesion to vascular tissues causes atherosclerosis. It also enhances thrombophilia by competitive inhibition of ®brinolytic reactions due to its structural similarity to plasminogen. 1±3 Hence, Lp(a) has become a focus of research interest as a crucial risk factor for pathogenesis of atherosclerosis and thrombosis. 4±6 According to the previous studies, the distribution pattern of Lp(a) as a function of plasma concentration differs among ethnic populations. 7±10 The Japanese population showed a normal logarithmic distribution with its peak signi®cantly skewed to lower concentrations, largely similar to the distribution pattern found in Caucasians, but signi®cantly different from that in other Asian populations (including Chinese and Indian populations).
There are several isoforms of apoliprotein(a) (apo A), a protein moiety of Lp(a). These isoforms have molecular masses ranging from 420 to 850 kDa 11 and are characterized by mosaic proteins with respect to different kringle domain combinations, providing the genetic basis for speci®c molecular phenotypes of Lp(a). Utermann et al. 8, 12 were the ®rst to classify Lp(a) into several phenotypes based on the apo A isoforms. They treated plasma specimens with a reducing agent to separate Lp(a) into apo A and apo B-100, subjected them to sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) and assessed the migration distance of apo A isoforms for phenotype classi®cation following Western blotting: apo A co-migrating with apo B-100 was de®ned as phenotype B, apo A migrating faster than apo B-100 was de®ned as phenotype F, apo A migrating slower than apo B-100 were de®ned as phenotypes S1±S4, and apo A not visibly detectable by immunoblotting was de®ned as phenotype null. In Japan, apo A isoforms have been evaluated in relation to particular genetic and clinical aspects and most often discussed using the molecular classi®cation described above. Generally, plasma samples from a single subject give two bands or a single band for apo A isoforms on Western blotting corresponding to heterozygous or homozygous genotype for apo A alleles, respectively. However, subjects with a single band may not always correspond to the homozygous genotype due to limited sensitivity of immunoblotting in detecting different migration distances between two bands. The classi®cation of apo A isoforms using the method proposed by Utermann et al. depends on macroscopic assessment of the migration distance relative to that of apo B-100, and is vulnerable to subjective error. We estimated more accurately the relative migration distance of each apo A to lessen subjective judgments. Using this new classi®cation system, we attempted to establish reference values for each phenotype in a healthy Japanese population.
MATERIALS AND METHODS

Materials
As reference subjects, 563 healthy subjects were recruited from individuals who had consulted our institution for a health examination. Liver and renal function tests and glucose tolerance test were all within a normal range in these subjects.
Measurement of serum Lp(a) concentration
Concentration of serum Lp(a) was determined using a latex agglutination immunoassay kit (Daiichi Pure Chemicals Co Ltd, Tokyo, Japan).
Apo A isoform separation
Serum specimen (10 mL) was mixed with 40 mL of sample buffer (5% 2-mercaptoethanol, 10% SDS, and 0´5 mol/L TRIS-HCl at pH 6´8), and the mixture was incubated at 958C for 5 min. A 10-mL aliquot was subjected to SDS-PAGE in a TRIS-borate buffer (pH 8´64) containing 0´1% SDS, at a constant electric current of 15 mA for 90 min; 4% polyacrylamide gel with condensing 4´8% polyacrylamide gel on the top was used. Proteins thus electrophoresed were transferred from the gel to immobilon-Pmembranes (Millipore Co, Bedford MA, USA) in TRIS-glycine buffer containing methanol, using a Milliblot Graphite Electroblotter II (Millipore Co) at a constant voltage of 10 V for 1 h. The blotted membrane was blocked by immersing in phosphate-buffered saline (PBS) containing 1% skim milk (Block Ace, Dainippon Pharmaceutical Co Ltd, Tokyo, Japan) and incubation at 48C overnight. The membrane thus treated was incubated at room temperature for 1 h with mouse monoclonal antibody against human apo A (Jokoh Co Ltd, Tokyo, Japan), or goat antibody against human apo B-100 protein (Jokoh Co), followed by washing with 0´3 mol/L TRIS-HCl (pH 8´5) containing 0´01% Triton X (Junsei Chemical Co Ltd, Tokyo, Japan). The membrane was then incubated at 378C for 30 min with secondary antibody, either alkaline phosphate-tagged anti-mouse IgG antibody (Jokoh Co) or alkaline phosphatase-tagged anti-goat IgG antibody (Jokoh Co), for reaction with respective primary antibodies. After washing with TRIS-HCl buffer as described above, the presence of the secondary antibody was visualized by colour development in a solution containing nitrotetrazolium (NTB) (12´2 mg/ 4 mL) and 3-indoxylphosphate-di-p-toluidine salt (11´2 mg/4 mL) (Jokoh Co).
Phenotype assignment
The value A was de®ned as a distance between the origin and the band of apo A, measured with calipers with an accuracy of 0´1 mm. The value B was de®ned identically to A: the distance from the origin to the band of apo B-100 (about 3 cm) (see Fig. 1 ). The value Y was obtained by the formula Y=(A/B)615. In the present study, we classi®ed apo A bands arbitrarily into 15 phenotypes. Apo A isoforms were assigned by the resulting Y values. Apo A co-migrating with apo B-100 was designated as B, apo A bands migrating slower than apo B-100 were designated as S1±S9, and apo A migrating faster than apo B-100 was designated as F. Thus, apo A was classi®ed into 11 isoforms. Four phenotypes (Y 1±4) were excluded because of dif®culties in discrimination. So far, it has not yet been established whether the null type or the failure to detect a signal is due to the absence of Lp(a) or the presence of Lp(a) at concentrations below detectable levels in the plasma sample.
RESULTS
Distribution of serum Lp(a) concentrations
The frequency distribution of Lp(a) concentrations was positively skewed, with a mean of 0´221 g/L and a median of 0´162 g/L (see Fig.  2 ). In each isoform, distribution shows the same tendency. A typical case (S5) is shown in Fig. 3 .
Phenotype assignment and reference values
Plasma samples from a single subject gave either a single band or two bands (double band) of apo A (see Fig. 4 ). The incidence of the former versus the latter type was in a ratio of approximately 2 : 1 (single band in 382 of 563 cases and double band in remaining 181 cases).
In cases of single band, phenotype S5 had the highest incidence (24´3%), followed by S4 (17´3%), S6 (15´4%) and S3 (14´4%). Among double-band cases, the incidence of isoform S5 in pairing bands was as high as 38´1% (69 cases), and that of isoform S4 was 36´5% (66 cases). The highest incidence was of phenotype S5/S6 (12´2%), followed by that of phenotype S4/S5 (10´5%) and phenotype S3/S6 (7´2%). It was noted in cases showing a single-band pattern that the mean value of Lp(a) concentration was higher for isoforms with lower molecular weights. Reference intervals were de®ned between antilogs of the mean +1´96 standard deviation by logarithmic transformation of all experimental values for each phenotype case. In cases showing double-band patterns, the mean and reference intervals were closer to those of single-band patterns with a smaller molecular weight isoform component (see Table 1 ). 
DISCUSSION
To date, Lp(a) has been studied from various aspects as a causal risk factor in pathogenesis of atherosclerosis and thrombosis, since the action of Lp(a) is considered to be independent of the action of other plasma lipids. In the Japanese population, the distribution pattern of Lp(a) as a function of plasma concentrations is characterized by its peak being skewed towards lower concentrations and the plasma concentrations of each Lp(a) phenotype are unique. This relatively low plasma concentration of Lp(a) in the Japanese population often causes dif®culties in its clinical evaluation.
In the present study, we established reference values for each apo A phenotype using a new classi®cation method of apo A isoforms. Apo A isoforms in relation to particular genetic and clinical aspects have been evaluated and discussed mostly by using the six phenotypes that Utermann et al. 12 ®rst reported. Later, due to advanced molecular biology technology, Lp(a) was classi®ed into 11 phenotypes by Hemhold et al., 13 into 12 phenotypes by Gaubatz et al., 11 and into 23 further phenotypes by Kamboh. 14 Despite these technical developments, there are few data of reference intervals for each phenotype.
Lp(a) reference values in Japanese apoA phenotypes 705 TABLE 1. Mean value (g/L), reference interval (g/L) and incidence of each apo A phenotype, assessed by logarithmic transformation
7=unable to calculate value.
Classi®cation of apo A phenotypes by the method described by Utermann et al. 12 depends on the macroscopic assessment of migration distance on the electrophoresis gel. We used calipers with an accuracy of 0´1 mm to measure the distance between the bottom line of the sample material ditch and the centre line of the migrated band. The phenotype was assigned using the migration distance relative to that of apo B-100. Despite improvement in the accuracy of measurement of apo A phenotypes, whether or not very extensive subdivision might be useful in clinical practice has not yet been established. In the present study, we newly and arbitrarily subdivided apo A bands into nine isoforms that migrated slower than apo B-100.
By comparison with others' reports, the number of kringle IV repeats was estimated to be 516 in F, 17±19 in B, 20±22 in S1±S3, 23±26 in S4, 27±30 in S5±S6, and 431 in S7±S9.
When plasma Lp(a) concentrations were examined within each phenotype, Lp(a) with a higher molecular weight tended to be present in lower concentration. These results were largely consistent with those reported by Abe et al., 15 who classi®ed Lp(a) phenotypes in a healthy Japanese population using the procedure described by Utermann et al. 12 When distribution of Lp(a) concentrations was examined within individual phenotypes, a quasi normal distribution with a peak skewed to the lower concentrations was obtained.
When the reference values for each phenotype were statistically determined by logarithmic conversion of observed values, higher values were found for phenotypes with lower molecular weights and a single-band appearance. The range of reference values in each phenotype was about 0´1 g/L. In cases showing a doubleband appearance, Lp(a) concentration tended to skew toward lower molecular weight phenotypes. When our classi®cation is compared with Utermann's classi®cation, the latter's F generally corresponds to F in the classi®cation of this study, B to B, S1 to S1±S3, S2 to S4, S3 to S5± S6, and S4 to S7±S9. Abe et al. 15, 16 reported the comparison of the mean serum Lp(a) concentrations by the Lp(a) phenotypes in healthy Japanese subjects based on Utermann's classi®cation; no major difference was observed except that concentrations were lower by about 0´11 g/ L for B.
So far, plasma Lp(a) concentrations have been evaluated only in terms of total values in casual association with atherosclerosis. We showed, in the present study, that total Lp(a) concentration in a subject may vary signi®cantly with apo A phenotype. A consideration of the difference in phenotypes, in addition to total Lp(a) value, should enable more speci®c evaluation of the association of Lp(a) to atherosclerotic pathogenesis.
